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(54) Titic: ALUMINIUM ELECTTROWINNING CELLS WITH OXYGEN-EVOLVING ANODES 
(57) Abstract 

A cell for the electrowinning of aluminium comprises at least one 
non-carbon metal-based anode (10) having an electrically conductive 
metallic structure (12, 13. IS) which is suspended substantially parallel 
to a facing cathode (20, 21, 22). Such metallic structure (12, 13, 
15) comprises a series of parallel horizontal anode members (15), 
each having an electrochemically active surface (16) on which during 
e^^ ^ Y^lysis oxygen is anodically evolved. The electrochemically active 
su._..ces (16) are in a generally coplanar arrangement to form the 
active anode surface. The anode members are spaced apart from 
one another by inter-member gaps forming flow-through openings 
(17) for the circulation of electrolyte (30) driven by the escape 
of anodically-evolved oxygen. The electrolyte (30) may circulate 
upwardly and/or downwardly in the flow-through openings (17) and 
possibly around the anode structure (12, 13, 15). 









\ 




12 







ooououou 




^SDOCID: <WQ_0040782A1_L> 



BEST AVAHABiB COPY 



3 



AL 

AM 

AT 

AU 

AZ 

BA 

BB 

BE 

BF 

BG 

BJ 

BR 

BY 

CA 

CF 

CG 

CH 

CI 

CM 

CN 

cu 
cz 

DE 
DK 
EE 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to die PCT on the ftont pages of pamphlets publishing international applications under the PCT, 



Albania 

Armenia 

Austria 

Australia 

Azerbaijan 

Bosnia and Herzegovina 

Barbados 

Belgium 

Burkina Paso 

Bulgaria 

Benin 

Brazil 

Belarus 

Canada - 

Central African Republic 



Switzerland 
Cdte d*Tvoire 
Cameroon 
China 
Cuba 

Czech Republic 
Germany 
Denmaric 
Estonia 



FI 

FR 

OA 

GB 

GE 

GH 

GN 

GR 

HU 

IE 

IL 

IS 

IT 

JP 

KE 

KG 

KP 

KR 

KZ 

LC 

U 

LK 

LR 



Spain 
Finland 
Prance 
Gabon 

United Kingdom 

Geoigia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 
J^mn 

Kenya 
Kyigyzstan 
Democratic People's 
Republic of Korea 
Republic of Korea 
Kazaicstan 
Saint Luda 
Liechtenstein 
Sri Lanka 
Liberia 



LS 

LT 

LU 

LV 

MC 

MD 

MG 

MK 

ML 

MN 

MR 

MW 

MX 

NE 

NL 

NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SG 



Lesotho 

Lrthuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Rqniblic of Macedonia 

Mali 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 

Netherlands 

Norway 

New Zealand 

Pcland 

Portugal 

Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


5Z 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


2W 


Zimbabwe 



OCJD: <WO_0040782A1J_> 



wo 00/40782 




/IBOO/00027 



ALUMINIUM ELECTROWINNING CELLS WITH OXYGEN -EVOLVING ANODES 



Field of the Invention 

This invention relates to a cell for the 
electrowinning of aluminiiam from alumina dissolved in a 
fluoride-containing molten electrolyte such as cryolite, 
5 provided with non-carbon, metal-based, anodes designed for 
such alojiminivim electrowinning cells • 

Background Art 

The technology for the production of aluminium by 
the electrolysis of alumina/ dissolved in molten cryolite, 
10 at temperatures around 950 is more than one hundred years 
old. 

This process conceived almost simultaneously by 
Hall and H^roult, has not evolved as many other 
electrochemical processes, 

15 The anodes are still made of carbonaceous material 

and must be replaced every few weeks. During . electrolysis 
the oxygen which should evolve on the anode surface combines 
with the carbon to form polluting CO2 and small amounts of 

CO and fluorine-containing dangerous gases. The actual 
20 consumption of the anode is as much as 450 Kg/Ton of 
aluminiiam produced which * is more than 1/3 higher thsui the 
theoretical amount of 333 Kg/Ton. 

Using metal anodes in aluminium electrowinning 
cells would drastically improve the aluminium process by 
25 reducing pollution and the cost of aliiminium production. 

US Patent 4,999,097 (Sadoway) describes anodes for 
conventional aluminium electrowinning cells provided with an 
oxide coating containing at least one oxide of zirconium, 
hafnium, thorium and uranium. To prevent consumption of the 
30 anode, the bath is saturated with the materials that form 
the coating. However, these coatings are poorly conductive 
and have not been used. 
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US Patent 4,504,369 (Keller) discloses a method of 
producing aliiininium in a conventional cell using massive 
metal oxide anodes having a central vertical through-opening 
for feeding anode constituents and alumina into the 
electrolyte, to slow dissolution of the anode. 

US Patent 4,614,569 (Duru.z/Derivaz/Debely/Adorian) 
describes metal anodes for aliaminivim electrowinning coated 
with a protective coating of cerium oxyfluoride, formed in- 
situ in the cell or pre-applied, this coating being 
maintained during electrolysis by the addition of small 
amounts of a ceriiim compound to the molten cryolite 
electrolyte. This made it possible to have a protection of 
the surface from the electrolyte attack and to a certain 
extent from gaseous oxygen but not from nascent monoatoraic 
15 oxygen. 

Several designs for oxygen- evolving anodes for 
aluminium electrowinning cells were proposed in the 
following documents. US Patent 4,681,671 (Duruz) discloses 
vertical anode plates br vertical blades operated in low 
20 temperature aluminium electrowinning cells. US Patent 
5,310,476 (Sekhar/de Nora) discloses oxygen-evolving anodes 
consisting of roof -like assembled pairs of anode plates. US 
Patent 5,362,366 (de Nora/Sekhar) describes non-consumable 
anode shapes, such as roof-like assembled pairs of anode 
25 plates, as well as a downwardly curved flexible sheet or 
wire or bundle of wires. US Patent 5,368,702 (de Nora) 
discloses vertical tubular or conical oxygen- evolving anodes 
for multimonopolar aluminium cells. US Patent 5,683,559 (de 
Nora) describes an aluminium electrowinning cell with 
oxygen-evolving bent anode plates which are aligned in a 
roof-like configuration facing correspondingly shaped 
cathodes. US Patent 5,725,744 (de Nora /Duruz) discloses 
vertical oxygen -evolving anode plates, preferably porous or 
reticulated, in a multimonopolar cell arrangement for 
35 aluminium electrowinning cells operating at reduced 
temperature. 

While the foregoing references indicate continued 
efforts to improve the operation of aluminium electrowinning 
cell operations by using oxygen-evolving anodes none of them 
40 has found any commercial acceptance yet. 
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Objects of the Invention 

It is an object of the invention to provide an 
aliiminimn electrowinning cell with one or more metal -based 
non- carbon anodes . 

5 It is also an object of the invention to provide an 

aluminium electrowinning cell with one or more anodes which 
have a large surface area and a high electrochemical 
activity for the evolution of oxygen and which permit fast 
oxygen gas release and circulation of alumina rich 
10 electrolyte between the anodes and a facing cathode. 

An object of the invention is to provide an 
aluminium electrowinning cell with one or more metal-based 
) non-carbon anodes whose design permits an enhanced 
electrolyte circulation and which are easy and economic to 
15 manufacture, . 

Another object of the invention is to provide an 
aluminium electrowinning cell with one or more metal -based 
non-carbon anodes whose design permits" an enhanced 
electrolyte circulation and which are made of a long lasting 
20 anode material leading to commercially acceptable produced 
al\imini\am and which can be shaped at will . 

A further object of the invention is to provide an 
aluminium electrowinning cell with one or more metal-based 
non-carbon anodes whose design permits an enhanced 
'S25 electrolyte circulation cind which are made of an anode 
material having a low solubility in the electrolyte. 

An important object of the invention is to provide 
an aluminium electrowinning cell with one or more metal- 
based non-carbon anodes whose design permits an enhanced 
30 electrolyte circulation and which can be maintained 
dimensionally stable and do not excessively contaminate the 
product alximinium. 

Summary of the Invention 

The invention provides a cell for the electrowinning 
35 of aluminium from alumina dissolved in a fluoride-containing 
molten electrolyte- The cell comprises at least one non- 
carbon metal-based anode having an electrically conductive 
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metallic structure with an electrochemical ly active anode 
surface on which, during electrolysis, oxygen is anodically 
evolved, and which is suspended in the electrolyte 
substantially parallel to a facing cathode. Such metallic 
structure comprises a series of parallel horizontal anode 
members, each having an electrochemically active surface on 
which during electrolysis oxygen is anodically evolved the 
electrochemically active surfaces being in a generally 
coplanar arrangement to form said active anode surface. The 
anode members are spaced apart to form longitudinal flow- 
through openings for the circulation of electrolyte driven 
by the fast escape of anodically evolved oxygen. 

. Depending on the cell configuration some or all of 

the flow- through openings may serve for the flow of alumina- 
rich electrolyte to an electrolysis zone between the 
anode (s) and the cathode and/or for the flow of alumina- 
depleted electrolyte away from the electrolysis zone, when 
the anode surface is horizontal or inclined these flows are 
ascending and descending. Part of. the . electrolyte 
circulation may also take place around the metallic anode 
structure. 

A substantially uniform current distribution can be 
provided from a current feeder through conductive transverse 
metallic connectors to the anode members and their active 
surfaces. '-•-j-ve 

As opposed to known oxygen-evolving anode designs 
for aluminium electrowinning cells, in an anode according to 
this invention the coplanar arrangement of the anode members 
provides an electrochemically active surface extending over 
an expanse which is much greater than the thickness of the 
anode members, thereby limiting the material cost of the 
anode. 

The electrochemically active anode surface is 
usually substantially horizontal or inclined to the 
horizontal, 

surface ^^^t^"" ""^^^^ ' ''''^ electrochemically active anode 
surface may be vertical or substantially vertical, the 
horizontal anode members being spaced apart one above the 
other, and arranged so the circulation of electrolyte takes 
Place through the flow- through openings. For ex^ple thl 
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anode members may be arranged like Venetian blinds next to a 
vertical or substantially vertical cathode. 

In one embodiment, two substantially vertical (or 
downwardly converging at a slight angle to the vertical) 
5 spaced apart adjacent anodes are arranged between a pair of 
substantially vertical cathodes, each anode , and facing 
parallel cathode being spaced apart by an inter-electrode 
gap. The adjacent anodes are spaced apart by an electrolyte 
down-flow gap in which alumina-rich electrolyte flows 

10 downwards until it circulates via the adjacent anodes' flow- 
through openings into the inter-electrode gapis. The alumina- 
rich electrolyte is electrolysed in the inter-electrode gaps 
thereby producing anodically evolved oxygen which drives 
alumina-depleted electrolyte up towards the surface of the 

15 electrolyte where the electrolyte is enriched ' with alumina, 
and induces the downward flow of alumina-rich electrolyte. 

The anode members may be spaced-apart blades, bars, 
rods or wires. The bars, rods or wires may have a generally 
rectangular or circular cross-section, or have in cross- 
2 0 section an upper generally semi-circular part and a flat 
bottom. Alternatively, the bars, rods or wires may have a 
generally bell -shape or pear-shape cross-section. 

Each blade, bar, rod or wire may be generally 
rectilinear or, alternatively, in a generally concentric 
25 arrangement, each blade, bar, rod or wire forming a loop to 
minimise edge effects of the current during use. For 
instance, each blade, bar, rod or wire can be generally 
circular, oval or polygonal, in particular rectangular or 
square, preferably with rounded corners. 

30 Each anode member may be an assembly comprising an 

electrically conductive first or support member supporting 
or carrying at least one electrochemically active second 
member, the surface of the second member forming . the 
electrochemical active surface. To avoid unnecessary 

35 mechanical stress in the assembly due to a different thermal 
expansion between the first and second members, the first 
member may support a plurality of spaced apart "short" 
second members. 

The electrochemically active second member may be 
40 electrically and mechanically connected to the first support 
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member by an intermediate connecting member such as a 
flange. Usually, the first member is directly or indirectly 
an contact wxth the electrochemically active second member 
along xts whole length which minimises during cell operation 
5 the current path through the electrochemically active 
member. Such a design is particularly well suitL for a 

Which ^o "T^" °' an -el^ctroche^nically active material 
which does not have a high electrical conductivity. 

10 ^>,o such an anode member design is also suitable when 

10 Of . electrochemically active 

bulk oxxde) and whxch has an ..ionic .conductivity permitting 
the oxxdatxon of oxygen ions within the . active material 
15 ""f material covers an oxi disable substrate, 

15 the. substrate is - possibly oxidised thereby expandin; 
underneath the electrochemically active xnaterial sub^ectxng 
at to mechanxcal damaging stress. By providing a support 
member whxch has a barrier to oxygen on its surface, such as 
chromxum oxxde, and which is electrically conductive but not 
20 necessarxly electrochemically active, the support member is 
not oxxdxsed by possible ionic oxygen reaching it. Ionic 
o^^gen remains within the electrochemically active material 
:::^.en%:~''" ^^^^^^^^^ i-o monoatomic and biatomic 

25 The parallel anode members should be connected to 

one another for instance in a grid-like, net-like or mesh- 
Ixke confxguratxon of the anode members. To avoid edge 
effects of the current, the extremities of the anode mem^er^ 

30 ^ ^- together, for example they can be arranged 

S^e r generally rectangular peripheral anode 

frame from one sxde to an opposite side of the frame. 

Alternatively, the connection can be achieved by at 
io^r one connecting member. Possibly the anode meirO^ers are 
35 2TI -Pl--lity of transverse connecting rhembers 

35 Whxch are xn turn connected together by one or more cross 
members. For concentric looped configurations thl 

llTrT^l^ ^^^--^ be radial, m this case 

Li connecting members extend radially from the 

40 o^tioLll' ^^^"^ ^^^^^ arrangement Zl 

40 °Ptxonally are secured to or integral with an outer ring at 
the perxphery of this arrangement. 
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Advantageously, the transverse connecting members 
are of variable section to ensure a substantially equal 
current density in the connecting members before and after 
each connection to an anode member. This also applies to the 
5 cross member when present. 

Usually, each metallic anode comprises at least one 
vertical current feeder arranged to be connected to a 
positive bus bar. Such a current feeder is mechanically and 
electrically connected to one or more transverse connecting 

10 members or one or more cross members connecting a plurality 
of transverse connecting members, so that the current feeder 
carries electric current to the anode members through the 
transverse connecting member (s) and where present through 
the cross member (s). Where no transverse connecting member 

15 is present the vertical current feeder is directly connected 
to the anode members which are in a grid-like, net-like or 
mesh-like configuration. 

The vertical current feeder, anode members, 
transverse connecting members and where present the cross 
20 members may be secured together for example by being cast as 
a unit. Assembly by welding or other mechanical connection 
means is also possible. 

Usually, .when the anode is not made of bulk 
electrochemically active material, the anode may have an 
25 oxygen- evolving coating, which may be an applied coating or 
a coating obtained by surface oxidation of a metallic anode 
substrate. Usually the coating is made of metal oxide such 
as iron oxide. 

The" anode (s) may slowly dissolve in the electrolyte. 

30 Alternatively, the operating conditions of the cell may be 
such as to maintain the or. each anode dimensionally stable. 
For instance, a sufficient amount of anode constituents may 
be maintained in the electrolyte to keep the anode (s) 
substantially dimensionally stable by reducing or preventing 

35 dissolution thereof into the electrolyte. 

The cell may comprise at least one . aluminium- 
wettable cathode . The aluminium-wettable cathode may be in a 
drained configuration. Examples of drained cathode cells are 
described in US Patent 5,683,130 (de Nora), WO99/02764 and 
40 W099/41429 (both in the name of de Nora/Duruz) 
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The cell may . also comprise means to facilitate 
dissolution Of alumina fed into the electrolyte for 
instance by using electrolyte guiding merrfcers above the 
• anode members as described in PCT/IB99/00017 (de Nora^ 
5 inducing an up-flow and/or a down-flow of electrorvti 
through and possibly around the anode structure. 

together'^ b^'^nt^^ a^^^^ ^^^^ ^ 

«,«^v, •" -. unit, welding or using other 

10 "'^^^^."^^^ connecting means to form an assembly tMs 
10 assexrO^ly can be cpnnected to the vertical current feeder 
secured to or placed on the foraminate anode structur^ 

_ The cell may also comprise means to thermallv 

insulate the surface of the electrol^r^^ t- thermally 
^„ ^. ■ eieccroiyte to prevent the» 

formation of an electrolyte crust or, ^ ^^^'^'^ ^ne x 

IS surface, .uc. as an insuIatLJ 0:^:^3^::, Z .^.T.lZT 

A further aspect of the .Invention is a method of 
producing alumini™ in a cell as described above, ^e tethod 
20 comprises passing an electric . current through ^e ^ode 

rr^'r ."^^ °" -l-tromc cu^e„t !^d 

therefrom through the electrolyte to the cathode IT ionic 
current, thereby producing aluminium on the cathode ^d 
oxygen on the electrochemically active anode surfaces wh^^e 

^od"^ .T""' ^ electrolyte circulation through th^ 
anode's flow through openings. 

anode oJ"!, ^"^"f P-^ovides a non-carbon metal-based ^ 

HS^^ — ran-:eh-=rrc^^^^^^^^^^^ 

30 metallic structure with an electrochemically active anole 

anodically evolved, and which is suspended in thJ 

35 ^et'llif st/T'""''"''^ ^""^'^^^ ^° ^ ^--^ Such 
anoni ^^^^^^ comprises a series of parallel horizontal 

anode members each having an electrochemically active 

^vol^:: Ihe eil T'l' oxygen is j:odic:ir; 

evolved. The electrochemically active surfaces are in I 
generally coplanar arrangement to forr. i->7 
40 surface The «r,o^« aement to form the active anode 

rtace. The anode members are spaced apart to form 
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longitudinal flow- through openings for the circulation of 
electrolyte driven by the fast escape of anodically evolved 
oxygen . 

Anode Materials and Operation 

5 Anodes of the present invention may consist of or 

preferably may be coated with an iron oxide-based material 
possibly obtained by oxidising the surface of an anode 
substrate which contains iron. Suitable anode materials are 
described in greater, detail in co-pending application 
10 PCT/IB99/01360 (Duruz/.de Nora/Crottaz) , PCT/IB99/00015 (de 
Nora/Duruz) , PCT/IB99/01361 (Duruz/de Nora/Crottaz) , 
PCT/.IB99/01362 (Crottaz /Duruz) , PCT/IB99/01977 • (de 

Nora/Duruz) and PCT/IB99/01976 (Duruz/de Nora) . 

In known processes, even the least soluble anode 
15 material releases excessive amounts of constituents into the 
bath, which leads to an excessive contamination of the 
product aluminium. For example, the concentration of nickel 
(a frequent component of proposed metal -based ainodes) found 
in aluminium produced in small scale tests at conventional 
20 cell operating temperatures is typically comprised between 
800 and 2000 ppm, i.e. 4 to 10 times the maximum acceptable 
level which is 200 ppm. 

iron oxides and in particular hematite (Fe203) have 
a higher solubility than nickel in molten electrolyte. 
25 However, in industrial production the contamination 
{ tolerance of the product aluminium by iron oxides is also 
much higher (up to 2 000 ppm) than for other metal 
impurities. 

Solubility is an intrinsic property of anode 
30 materials and cannot be changed otherwise than by modifying 
the electrolyte composition and/or the operative temperature 
of a cell. 

Small scale tests utilising a NiFe204/Cu cermet 
anode and operating under steady conditions were carried out 
35 to establish the concentration of iron in molten electrolyte 
and in the product al\imini\im under different operating 
conditions. 
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In the case of iron oxid^ -! +- v.=.^ w 
1 ^ ' , -^-j-^ii oxxae. It has been found that 

lowering th. teinperature of the electrolyte deotease^ 
considerably the solubility of iron species, ^is effect 
surprxs.ngly be exploited to produce a n«jor impact on ceS 
' =~ation Of ^the ::o::ct 

te^eratSr ;f ^le^Lf^^ r^duc^d 
10 (S50-970OC, an anode Jove^Td tlr L 

S^inf • "-^^ di.an.ionally stab" 

^ ^ concentration of iron species and alumina 

.n the xnolten electrolyte sufficient to reduce or sup^ess 
the d--lut.on Of the iron-oxide layer, the concentratron 
of rron species being low enough not to exceed the 
15 coinmeroial acceptable level of iron in mT^ / 
aluminium. ^ ^ product 

at ^>,. '^^ presence of dissolved alumina in the electrolyte 
at the anode surface has a limiting effect on i^h! 

substantially stop dissolution of iron from the anode. 

anod.^«.'^^'' -^""^ electrochemically active surface of the 
anode (s) xs xron oxide-based, the electrolyte may comprise 

dissolution of the xron oxide-based electrochemically activ! 
surface. The amount of iron species and alumina dissolved In 
the electrolyte and preventing dissolution of the iron 
oxxde-based electrochemically active surface of ^>, 
anode should be such that ^^""^^^^ °^ ^^-^ each 

contaminated by no ^0:^ ..l^looT;,^^^^^^^^^^ 

^^ ^^1^'-' — — PrefeLblTSrL^^^ , 

particull^ "maintain the amount of anode constituents, in 
at the electrolyte which presents 

IL^ °P-^^txng temperature the dissolution of the or each 

irof ' . '""^ itself- does not contaxn enough 

iron, anode constituents may be fed in^n t->,= enough 

intermittently. for instance periodically t^gel^e^r'^irt'h 
alumrna. or continuously, for example by means of a 
sacrifical electrode. M,en the electrochemically aftiv: 
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surface of the anode is iron oxide-based, iron species may 
be fed into the electrolyte in the form of iron metal and/or 
an iron compound such as iron oxide, iron fluoride, iron 
oxyfluoride and/or an iron-aluminivun alloy, 

5 To limit contamination of the product aluminium by 

cathodically-reduced anode constituents to a commercially 
acceptable level, the cell should be operated at a 
sufficiently low temperature so that the required 
concentration of dissolved alumina and anode constituents, 
10 in particular iron species, in the electrolyte is limited by 
the reduced solubility of iron species in the electrolyte at 
the -operating temperature. 

The cell may be operated with an operative 
temperature of the electrolyte below 910°C, usually from 730 
15 to 870°C. The electrolyte may contain NaF and AIF3 in a 
molar ratio NaF/AlF3 required for the operating temperature 
of the cell comprised between 1.2 and 2*4. The amount of 
dissolved alumina contained in the electrolyte is usually 
below 8 weight%, preferably between 2 weight% and 6 weight% . 

20 The inactive parts of anodes which during, cell 

operation are exposed to molten electrolyte, in particular 
those parts near the surface of the electrolyte, may be 
protected with a zinc-based coating, in particular 
containing zinc oxide with or without alumina, or zinc 

25 aluminate. During cell operation, to substantially inhibit 
dissolution of such a surface, the concentration in the 
electrolyte of dissolved aliimina should be mainta.ined at or 
above 3 to 4 weight% • 

Brief Description of the Drawings 

3 0 The invention will now be described with reference 

to the schematic drawings, wherein: 

- Figures la and lb show respectively a side 
elevation and a plan view of an anode according to the 
invention; 

35 - Figures 2a and. 2b show respectively a side 

elevation and a plan view of another anode according to the 
invention; 
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- Figures 3, 4, 5 and 6 show side elevations of 
variations of the anode shown in Figures la and lb; 

- Figures 7 and 8 show cross-sections of multi-part 
anode members according to the invention; 

- Figure 9 shows an aluminium elect rowinning cell 
operating with anodes according to the invention fitted with 
electrolyte guide members; 

- Figures 10, 11 and 12 are enlarged views of parts 
of variations of the electrolyte guide members shown in 
Figure 9, Figure 10 illustrating cell operation; 

^ - Figure 13 is a cross section of another anode 
according to the invention with electrolyte guide members ) 
only one of which is shown; - 

- Figure 14 shows a plan view of half of an assembly 
FfgurTl"", lik- the one shown in 

Figure 13 with half of an assembly of electrolyte guide 
members as shown in Figure 14; and 

- Figure 16 is a plan view of a variation of the 
anode of Figure 15. 



Detaile d Description 

Figures la and lb schematically show an anode 10 of' 
a cell for the electrowinning of aluminium according to the 
25 invention. 

The anode 10 comprises a vertical current feeder 11 
for connecting the anode to a positive bus bar, a cross 
member 12 and a pair of transverse connecting members 13 for 
connecting a series of anode members 15. 

30 The anode members 15 have an electrochemically 

active lower surface 16 where oxygen is anodically evolved 
o^^r 1^ ^ ^^°<ae members 15 are in the form 

iLlt f ^ coplanar arrangement, laterally spaced 

35 ^""^ another by inter-member gaps 17. The inter- 

35 member gaps 17 constitute flow-through openings for the 
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circulation of electrolyte and the escape of anodically- 
evolved gas released at the electrochemically active 
surfaces 16 . 

The anode members 15 are transversally connected by 
5 the pair of transverse . connecting members 13 . which are in 
turn connected together by the cross member 12 on which the 
vertical current feeder 11 is mounted. The current feeder 
11, the cross member 12 , the transverse connecting members 
13 and the anode members 15 are mechanically secured 
10 together by welding, rivets or other means. 

As described above, the electrochemically active 
surface 16 of the anode members 15 can be iron-oxide based 
in particular as described in co-pending application 
PCT/IB99/01360 (Duruz/de. Nora/Crottaz ) , PCT/IB99/00015 • (de 
15 Nora/Duruz) , PCT/IB99/01361 (Duruz/de Nora/Crottaz) , 
PCT/IB99/01362 (Crottaz/Duruz) , PCT/IB99/01977 (de 

Nora/Duruz) and PCT/IB99/01976 (Duruz/de Nora) . 

The cross-member 12 and the transverse connecting 
members 13 are so designed and positioned over the anode 
20 members 15 to provide a substantially even current 
distribution through the anode members 15 to . their 
electrochemically active surfaces 16. The current feeder 11, 
the cross -member 12 and the transverse connecting members 13 
do. not need to be electrochemically active and their surface 
25 may passivate when exposed to electrolyte. However they 
should be electrically well conductive to avoid unnecessary 
I 3 voltage drops and should not substantially dissolve in 
electrolyte. 

When the anode members 15 and the cross-members 12 
30 are exposed to different thermal expansion, each anode 
member 15 as shown in Figure 1 may be made into two (or more 
where appropriate) separate "short" anode members. The 
"short" anode members should be longitudinally spaced apart 
when the theirmal expansion of the anode members 15 is 
35 greater than the thermal expansion of the cross-members 12. 

Alternatively, it may be advantageous in some cases, 
in particular to enhance the uniformity of the current 
distribution, to have more than two transverse connecting 
members 13 and/or a plurality of cross-members 12. 



JSDOCID: <WO_004O782A1_L> 



wo 00/40782 - 14 



PCT/IBOO/00027 ' 



10 



15 



20 



Also, it is not necessary for the two transverse 
connecting xneHO^ers 13 to be perpendicular to the anode 
members 15 xn a parallel configuration as shown in Figure 1 
The transverse connecting members 13 may be in an X 
configuration in which each connecting member 13 extends for 
example from one corner to - the opposite corner of a 
rectangular or square anode structure, a vertical current 
feeder 11.^ being connected to the intersection of " the 
connecting members 13 . ■ 

/"^r""^^ schematically show a variation of 

the anode 10 shown in Figures la and lb. 

Instead of having transverse connecting members 13 

and electrically connecting the anode members 15 to a ) 
positive bus bar as illustrated in Figures la and lb the 
anode 10 shown in Figures 2a and 2b comprises a pair of' cast 
or profiled support members 14 fulfilling the same function 
Each cast support member 14 comprises a lower horizontally 
co^r electrically and mechanically 

connecting the anode members 15, a stem 14b for connecting 
the anode 10 to a positive bus bar and a pair of latera! 

foot ^^r'^'f "^^"""^ horizontally extending 

foot 14a and stem 14b. ^ 

The anode members 15 may be secured by force-fitting 
or welding in the horizontal foot 14a. As an alternative 
the Shape of the anode members 15 and corresponding 
receiving slots in the foot 14a may be such as to allow only 3 
longitudinal movements of the anode members. For instance 

30 retrr.oTnr.^^ — — 

to ^>,. ^^^""l^.^ ^ ^ ^ ^^^ies of anodes 10 according 

FWesT r.K"'''''' "'"''"^ in 

meZrs ^5 If ""T""" '"^^ cross-sections of the anode 

members 15 of the anodes 10 shown in Figures 3 to 6 differ 
to the circular cross-section of the anode members 10 shown 
xn Figures la and lb. s^iwwii 

H.,. • "^^ ^^"^^ members 15 of the anode shown in Figure 3 
have xn cross-section a generally semi-circular upper part 
and a flat bottom which constitutes the electrochLicallv 
active surface 16 of each anode member 15 '^^^^^^"^^cally 
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Figure 4 illustrates anode members 15 in the form of 
rods which have a generally bell-shaped or pear-shaped 
cross-section. The electrochemically active surface 16 of 
the anode members 10 is located along the bottom of the 
5 bell-shape or pear-shape. 

The. anode members 15 shown in Figure 5 are rods 
having a generally rectangular cross-section. The 
electrochemically active surface 16 is located along the 
bottom narrow side of the rod. • r . 

10 Figures 6 and 7 shows an anode 10 having assembled 

multi-part anode members 15 comprising a first member 15b 
supporting an electrochemically active second member 15a, 
The electrochemically active member 15a has an 
electrochemically active surface 16 and is connected along 

15 it whole length to the electrically we 11 -conductive support 
member 15b by an intermediate connecting member 15c such as 
a flange. This anode member design is particularly well 
adapted for electrochemically active material which has a 
low electrical conductivity and/or which is ionically 

20 conductive, as explained above. 

Figure 7 shows an enlarged view of the assembled 
anode member 15 of Figure 6, comprising a generally 
cylindrical electrochemically active member 15a with an 
electrochemically active surface 16 a generally cylindrical 

25 electrically conductive support member 15b and an 
intermediate connecting member or flange 15c electrically 
and mechanically connecting the support member 15b to the 
electrochemically active member 15a: Alternatively, the 
connecting member 15c may be an extension of either the 

3 0 * electrochemically active member 15a or the support member 
15b as shown in Figure 8 . 

The intermediate connecting member 15c shown in 
Figure 7 may be connected to the electrochemically active 
member 15a and to the support member 15b by force-fitting or 
35 welding. However, these parts may be mechanically connected 
by providing a suitable geometry of the connecting members 
15c and the corresponding receiving slots of the 
electrochemically active member 15a and the support member 
15b, for instance with dovetail joints. 
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The electrochemically active member 15a shown in 

addit" ' oxide-based with or without 

addxtxves, for xnstance an oxidised iron-nickel alloy, as 
disclosed xn co-pending application PCT/IB99/01360 (Duruz/de 
Nora/Crottaz), PCT/IB99/00015 (de Nora/Duruz? 

(C::t:!LT''\ • ^"^^"^^"^ Nora/Crottaz), J.7^i7:iT3e2 
(Crottaz/Duruz), PCT/IB99/01977 (de Nora/Duruz) and 

llZll7s'""'' .'"^^^^^^^^^ Alternatively, • the ^cti^f 

member 15a may be made of a ferrite, such as -nickel ferrite 
or an oxidised alloy, in particular a cast alloy, of at 
least two metals selected from nifV.=.i 

aluminium. — " nxckel, xron, copper and 

The support member 15b shown in Figures 7 and 8 and 

SahlvT'^''^"^"^"" ^'^""^ 7 are preferably 

highly conductxve and may comprise a metallic core for 

^ter^al "'"^ an electrolyte resistant 

materxal, for xnstance the materials mentioned above which 
are suxtable for the electrochemically active member 15a 

str-^«« AS stated above, to avoid unnecessary mechanical 
stress xn the assembly due to a different thermal expansion 
between the electrochemically active members 15a and the 
support members 15b, each support member 15b may support a 
Pluralxty of longitudinally spaced apart ^short" 
electrochemxcally active members 15a. The electrochemically 
active members 15a may be short cylinders or discs. 

^ variation, the electrochemically active members 
15a and/or the support member 15b may be horizontally 
extendxng prxsms, for instance with a rectangular base. 

^ Fi^^e 9 shows an aluminium electrowinning • cell 
accordxng to the invention having a series of generally 

Fig— ""'^^ ^'"^^^^ to those "s ho^ in 

Fxgures la and lb, xmmersed in an electrolyte 30. The anodes 

n!Jr ^'^^■^"^^^^l cathode cell bottom 20 connected to a 
negatxve busbar by current conductor bars 21. The cathode 

granhit'"'" '\ conductive material such L 

graphxte or other carbonaceous material coated with an 
alumxnxum-wettable refractory cathodic coating 22 on whiS^ 

wh^rir/' ^""^"^^^ -^-^ it drains oT ^n 

Which It forms a shallow pool, a deep pool or a stabilised 
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pool. The molten aluminium 35 produced is spaced apart from 
the facing anodes 10 by an inter-electrode gap. 

Pairs of anodes 10 are connected to a positive bus 
bar through a primary* vertical current feeder 11 • and a 
5 horizontal current distributor 11" connected at both of its 
ends to a foraminate anode 10 through a secondary vertical 
current distributor II"'. 

The secondary vertical current distributor 11'" is 
mounted on the anode structure 12,13,15, on a cross member 

10 12 which is in turn connected to a pair of transverse 
connecting members . 13 for connecting -a series of anode 
members 15. The current .feeders 11 ' , 11 11 the cross 
member 12, the transverse connecting members 13 and the 
anode members 15 are mechanically secured together by 

15 welding, rivets or other means. 

The anode members 15 have an electrochemically 
active lower surface 16 on which during cell operation 
oxygen is anodically evolved. The anode members 15 are in 
the form of parallel rods in a foraminate coplanar 
20 arrangement, laterally spaced apart from one another by 
inter -member gaps 17 . The inter-member gaps 17 constitute 
flow-through openings for the circulation of electrolyte and 
the escape of anodically-evolved gas from the 
electrochemically active surfaces 16. 

25 The cross-member 12 and the transverse connecting 

(J) members 13 provide a substantially even current distribution 
through the anode members 15 to their electrochemically 
active surfaces 16. The current feeder 11, the cross^member 
12 and . the trcoisverse connecting members 13 do not need to 

30 be electrochemically active and their surface may passivate 
when exposed to electrolyte. However they should be 
electrically well conductive to avoid unnecessary voltage 
drops and should not substantially dissolve in the molten 
electrolyte. 

35 The active surface 16 of the anode members 15 can be 

iron oxide-based. Suitable anode materials are described in 
co-pending application PCT/IB99/01360 (Duruz/de Nora/ 
Crottaz) , PCT/IB99/00015 (de Nora/Duruz) , PCT/IB99/01361 
(Duruz/de Nora/Crottaz) , PCT/IB99/01362 (Crottaz /Duruz) , 
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PCT/IBS9/01S77 ,de Nora/Duruz, PCT/IB99/01976 ,Duru./de 

parts ll'^"%2"i3 """^ inu„.rsed 

parts 11 ,12,13,15 of the anode 10, in particular over the 

lT.'':htc^"' Of the secondary vertical current distributor 
to 10 CM tl,! ^"f"-^'*^^ <=°-=«<l «ith iron oxide at least up 
to 10 cm above the surface of the electrolyte 30. 

The imnersed but inactive: parts of the anode 10 mav 
be further coated with zinc oxide. However, when parts ^f 
the -Ode 10 are covered with zinc oxide, the concentration 
of dissolved alumina in the electrolyte 30 should iZ 
.maintained above 4 weight, to prevent excessive .dJs::iuti^ 
of zmo oxide in the electrolyte 30. . solution 

°^ anode conponents 11 •, 11 11 ." 

ILt " P=^eferably highly conductive and .nay be .n^de ot 

copper protected with successive layers of nickel, chroM^u^ 
nickel, copper and optionally a further layer of nickelT 

dissolution """"^ "-^^^ '""^ enhancing 

™™k r ? alumina in the form of electrolyte guide 

V'^'' °* P-^allel spaced-apart inclined Lff^^f 5 
located above and adjacent to the foraminate anode str"tur! 

su;fa;L 6 Idf ' ' ^""'^^ "^^^^ downwardly converging 
surfaces 6 and lower upwardly converging surfaces 7 that 
deflect gaseous oxygen which is anodically produced bliow 
the electrochemically active su^f i <: ^ Z-l. celow 
m .v,- ^ active surface 16 of the anode members 

15 and which escapes between the inter-member gaps 11 ^ 
through the foraminate anode structure 12 13 15 ThJ 
released above the baffles 5 promotes dissolution If a™ 

s'::*:::: r - ^ve the downwardly cLee^Tin: 

4 263 107-- l^i" .Tt* «««l9°.-'«» :Propo.^ i„ US Patent 
4,263,107 (Pellegri) for improving electrolyte circulation 
m aqueous brine electrolysis. The anode was Zd^ !f 
conventional anode materials for brine electrolysis , ^u:h L 

suggSsLd ftr use i'n 1 """"" Proposed or 

ggested for use in aluminium electrowinning cells, which 
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differ substantially to chlor-alkali cells, and in 
particular to improve the dissolution of fed alumina. 

The aluminium-wettable cathodic coating 22 of the 
cell shown- in Figure 9 can advantageously be a slurry- 
5 applied refractory hard metal coating as disclosed in US 
Patent 5,651,874 (de Nora/Sekhar) . Preferably, the 
aliominium-wettable cathodic coating 22 consists of a thick 
coating of refractory hard metal boride such as TiB2, as 

disclosed in W098/17842 (Sekhar/Duruz/Liu) , which is 
10 particularly well suited to protect the cathode bottom of a 
drained cell as shown in Figure 9 . 

The cell also comprises sidewalls 2 5 of carbonaceous 
or other material. The sidewalls 25 are coated/ impregnated 
above the surface of the electrolyte 3 0 with a boron or a 
15 phosphate protective coating/ impregnation 26 as described in 
US Patent 5,486,278 {Manganiello/Duruz/Bell6) and in US 
Patent 5,534,130 (Sekhar) . 

Below the surface of the electrolyte 3 0 the 
sidewalls 25 are coated with an aluminium-wettable coating 

20 23, so that molten aluminium 35 driven by capillarity and 
magneto-'hydrodynamic forces covers and protects the 
sidewalls 25 from the electrolyte 35. The ^aluminium-wettable 
coating 23 extends from the aluminium-wettable cathodic 
coating 22 over the surface of connecting corner prisms 28 

25 up the sidewalls 25 at least to the surface of the 
electrolyte 30. The alxominium-wettable side coating 23 may 
be advantageously made of an applied and dried and/or heat 
treated slurry of particulate TiBj in colloidal silica which 

is highly aluminium-wettable. 

30 Alternatively, above and below the surface of the 

electrolyte 30, the sidewalls 25 may be covered. with a zinc- 
based coating, such as a zinc-oxide coating optionally with 
alumina or a zinc aluminate coating. When a zinc-based 
coating is used to coat sidewalls 25 or anodes 10 as 

35. described above, the concentration of dissolved alumina in 
the molten electrolyte 30 should be maintained above 4 
weight% to substantially prevent dissolution of such a 
coating. 

During cell operation, alumina is fed to the 
40 electrolyte 3 0 all over the baffles 5 and the metallic anode 
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structure 12,13,15. The fed alumina is dissolved and 
distributed from the bottom end of the converging surfaces 6 
into the inter-electrode gap through the inter-member gaps 

. \l , ^'"''"'^""^ ^^^^^ ^'^^ metallic anode structure 

12,13,15, I.e. between neighbouring pairs of anodes 10 or 
between peripheral anodes 10 and sidewalls 25. By passing an 
electric current between anbdes 10 and facing cathode cell 
bottom 20 oxygen is evolved on the electrochemically active 
anode surfaces 16 and aluminium is produced Which' is 
10 incorporated into the cathodic molten aluminium 3 5 . The 
oxygen evolved from the active surfaces 16 escapes through 
the mter-member gaps 17 and is deflected by the upwardly 
converging surfaces 7 of baffles 5. The oxygen escapes from 
the uppermost ends of the upwardly converging surfaces 7 
enhancing dissolution of the alumina fed over the downwardly ^ 
converging surfaces 6. ' 

The aluminium electrowinning cells partly shown in 
Figures 10, 11 and 12 are similar to the aluminium 
electrowinning cell shown in Figure 9. 
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In Figure 10 the guide members are inclined baffles 
5 as shown in Figure 9. In this example the uppermost end of 
each baffle 5 is located just above mid-height between the 
surface of the electrolyte 3 0 and the transverse connecting 
members 13 . ^ 

!5 Also shown in Fig. 10, an electrolyte circulation 31 

xs generated by the escape of gas released from the active 
surfaces 16 of the anode members 15 between the inter-member 3 
gaps 17 and which is deflected by the upward converging 
surfaces 7 of the baffles 5 confining the gas and the 
electrolyte flow between their uppermost edges. From the 
uppermost edges of the baffles 5, the anodically evolved gas 
escapes towards the surface of the electrolyte 30, whereas 
the electrolyte circulation 31 flows down through the 
downward converging surfaces 6, through the inter-member 
gaps and around edges of the metallic anode structure 
1^,13,15 to compensate the depression created by the 
anodically released gas below the active surfaces 17 of the 
anode members 15. The electrolyte circulation 31 draws down 
into the mter-electrode gap dissolving alumina particles 32 
which are fed above the downward converging surfaces 6 
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Figure 11 shows part of an aluminium electrowinning 
cell with baffles 5 operating as electrolyte guide members 
like those shown in cell of Figure 9 but whose surfaces are 
only partly converging. The lower sections 4 of the baffles 
5 5 are vertical and parallel to one another, whereas their 
upper sections have upward and downward converging 
surfaces 6,7. The uppermost end of the baffles 5 are located 
below but close to the surface of the electrolyte 30 to 
increase the turbulence at the electrolyte surface caused by 
10 the release of anodically evolved gas. 

Figure 12 shows a variation of the baffles shown in 
Figure 11, wherein parallel vertical sections 4 are located 
above the converging surfaces 6,1 . 

^ By guiding and confining anodically-evolved oxygen 

15 towards the surface of the electrolyte - 30 with baffles or 
other confinement means as shown in Figures 11 and 12 and as 
further described in concurrently filed application 
PCT/IB99/00017 (de Nora) , oxygen is released so close to the 
surface as to create turbulences above the downwardly 
20 converging surfaces 6, promoting dissolution of alumina fed 
thereabove . 

It is understood that the electrolyte confinement 
members 5 shown in Figures 9, 10, 11 and 12 can either be 
elongated baffles, or instead consist of a series of 
25 vertical chimneys of funnels of circular or polygonal cross- 
section, for instance as described below. 

o 

Figures 13 and 15 illustrate an anode 10' having a 
circular bottom, the anode 10 ' being shown in cross-section 
in Figure 5 and from above in Figure 15. On the right hand 
30 side of Figures 13 and 15 the anode 10' is shown with 
electrolyte guide members 5' according to the invention. The 
electrolyte guide members 5 ' represented in Figure 15 are 
shown separately in Figure 14. 

The anode 10* shown in Figures 13 and 15 has several 
35 concentric circular anode members ' 15 . The anode members 15 
are laterally spaced apart from one another by inter-member 
gaps 17 and connected together by radial connecting members 
in the form of flanges 13 which join an outer ring 13'. The 
outer ring 13 ' extends vertically from the outermost anode 
40 members 15, as shown in Figure 13, to form with the radial 
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flanges 13 a wheel-like structure 13 3 ^ • 

15, which secures the ar^oriJ ^ ' Figure 

«^uxes cne anode members 15 to = r^^^t. , 
current feeder 11. => j-o co a central anode 

^ucts 18 extending between \h? -""""^ "^-^l- 
.en^e. 15 ana t.e cu.?e:rreer iH™ ^ ^Te"'^'^ 
oxygen produced underneath the central curre:;^ Sed:^!^ °' 

receiving ancdically P^^ol^^Z.^ Z T^^^ ' 
openxng 8 where the oxygen i^^elSted to "'^ 
dissolution of alumina f=H .i, released to promote 

member 5 • . . The surf aoe To^ The ^l^""^"^^^- ^^^^ 

member 5' is arran»»,l rraoe 7 of the electrolyte guide 

electrolyte fl^w^^^i^l ^ .ro^d^^crily^^pror^d" "^^'^ 
outer . surface 6 of th» ^^"'"""•^f '■^1' Produced oxygen. The 

arranged to proLte dissolutro/Ttl " 

and guide alumina-rich electrolvte r^"' ">->^^-bove 

.electrode gap, the eleLf.!,, ► . °™ i««r- 

foraminate structure " """'"^ "^^"^^ the 

members '^.^ViZlll " "''^ -^--rolyte guide 

arrangement b:in^" L:!^ "^^^ X^rTlyte T"'! °^ 
are laterally securer! electrolyte guide members 5- 

arranged to^ h:id'°a:::e"':r'^a^r":^^'^ ' ^° 

attachments 3 being for exal^l , ^ members 15, the 
Shown in Pigure 15 or secu^ !/ °° " as 

guide member 5' is ^sitloned ^'^^ electrolyte 

by two neighbouring^radrrfl^nVs \Tand ^^''"^^ 
outer ring 13 • as shown in Pigi^ is. ^ -^"^ 

.The arrangement of the elect r•o^^r^-=, 
and the anode 10 ■ can h« electrolyte guide members 5 • 

«ii«jue J.U can be moulded as units THio 

:xr«LTth°/ p:::^^iL :rtr -a^r Le^r. \i 

guide ^embersT°^:r"th:^ldl'-l„"^rw:"di:g.''-^ ^^^""^^^ 

be made anTs:L^;e rterr"'"-'^ -^'"^ "^^^^ =' 
fluoride-conta^ning"^m:i::rriUror;tr To""'°" '''^ 
..sclosed in PCT.1BSS.013S0 Tl^V/de "^orr^f.t.^r^ 
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PCT/IB99/00015 (de Nora/Duruz) , PCT/IB99/01361 (Duruz/de 
Nora/Crottaz) , PCT/IB99/013 62 (Crottaz/Duruz ) , 

PCT/IB99/01977 (de Nora/Duruz) and PCT/IB99/01976 (Duruz/de 
Nora) . 

5 Figure 16 illustrates a square anode 10' as a 

variation of the round anode 10 ' of Figures 13 and 15 . The 
anode 10' of Figure 16 has generally rectangular ' concentric 
parallel anode members 15 with rounded corners. The anode 
10* shown in Figure 16 can be fitted with electrolyte guide 
10 members similar to those of Figures 13 to 15 but in a 
corresponding rectangular arrangement. 



QQ407e2A1 I > 



wo 00/40782 - 24 - 



PCT/IBOO/00027 



1. 



an electrically conductive ■„atrnTc s^!f ''""'•"^ 
electrochemicelly active anc„Je "urface >f-\ ^ 

electrolysis, oxygen is anodically evolved ' JT"'' 

suspended in the electrolyte su^s^^llTlt' ^tlZ to 

racing cathode. c:^?-irq 



IS 

a 



ele=trochen>ically active surfa^ o'n "^ . ^^"^ 
electrolysis oxyoen 1= uriace on which during 

electroche.ically'^rtive surfa^s he"l, • '''^ 
coplanar arrangement to f om, saTd active^ano'de L f"'"""^ 
anode me,„bers being spaced apart to fo^ ^he 

electrolysis .one between the rodeTrand thTrathodT 

for tL ^lo^^r aru.f.:-:L:^:L:triry::\"rr r 

.one between the anode(s, and the cathoae- 

4. The cell of claim 2 or- u • 

-="-or''':::h-.eritic°u^: 

:ctiv:^orLriacris°ris:Lt;;^ry%Lta^: ""^-^^-^ - 
ictivrLoTe"sjLris-\i:Ldr4e\o-.:.tar-- - 
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8. The cell of any preceding claim, wherein the anode 
members are spaced-apart blades. 

9. The cell of any one of claims 1 to 7, wherein the anode 
members are spaced-apart bars, rods or wires. 

10. The cell of claim 9, wherein said bars, rods or wires 
have a generally circular cross-section. 

11. The cell of claim. 9, wherein said bars, rods or wires 
have in cross-section an upper generally semi-circular part 
and a flat bottom. 

12. The cell of claim 9, wherein said bars, rods or wires 
have a generally rectangular cross-section. 

13. The cell of claim 9, wherein said bars, rods or wires 
have a generally bell-shape or pear-shape cross-section. 

14. The cell of any one or claims 1 to 7, wherein the anode 
members are spaced-apart' blades, bars, rods or wires which 
are generally rectilinear. . . - . 

15. The cell of any one or claims 1 to 7, wherein the anode 
members are spaced-apart blades, bars, rods or wires which 
are in a generally concentric arrangement, each blade, bar, 
rod or wire forming a loop. - - 

16. The cell of claim 15, wherein- each blade, bar, rod or 
wire is generally circular, oval or polygonal. 



17. The cell of any preceding claim, wherein each anode 
member comprises an electrically conductive first support 
member supporting at least one electrochemically active 
second member, the surface of the second member forming the 
electrochemically active surface. 

18. The cell of claim 17, wherein said first member 
supports a plurality of second members spaced apart to allow 
for different thermal expansion. 

19. The cell of claim 17, wherein said second member is 
electrically and mechanically connected to said first member 
by an intermediate connecting member. 
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transverse connecting members. 

•22. The. cell of claim 20, wherein the or each anod. 
comprises a vertical current feeder arranaed i-o k 

at least one cross member connecting a pluralitv 1^ 
transverse connecting members, f or 6arrviL 

to i-Ho ar,«^« i_ carrying electric current 

i^o cne anode members throuoh t-y,^ *- "-i-j-cxii, 

feeaeranr"^.^e:"^rs;ers:'^^'" ve^icaX current 

oxygen-evolving coating. " "^'^^ an 

iron oxide. a metal oxide, preferably 

^^'^ rinfatn;-? -^'^ 

stable. anode dimensionally 

=on*i::::a::^i. °* -"■-^^ -'■o^^ is in ^ a arainea 

"ci.i^j--s-^^/-inrs^— - 
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the formation of an electrolyte crust on the electrolyte 
surface . 

31. A method of producing aluminium in a cell as defined in 
claim 1, comprising passing ..an electric ' current through the 
anode members of the or each anode as electronic current and 
therefrom through the electrolyte to the cathode as ionic 
current, thereby producing aluminium on the cathode and 
oxygen on the electrochemically active anode surface whose 
escape induces an electrolyte circulation through said flow- 
through openings, 

32. -'The method of claim 31, comprising maintaining in the 
electrolyte a sufficient amount of dissolved alumina and one 
or more anode constituents to keep the anode (s) 
dimensionally stable by preventing dissolution thereof into 
the electrolyte- 

33. The method of claim 31 or 32, wherein the cell is 
operated at a sufficiently low temperature to limit the 
solubility of anode constituents in the electrolyte thereby 
limiting the contamination of the product aluminium by 
cathodically reduced anode constituent (s) to an acceptable 
level . 

34. A non-carbon metal-based anode of a cell for the 
electrowinning of alumainium as defined in claim 1, 
comprising an electrically conductive metallic structure 
with an electrochemically active anode surface resistant to 
oxidation and fluoride-containing molten electrolyte, on 
which, during electrolysis, oxygen is anodically evolved, 
and which is suspended in the electrolyte substantially 
parallel to a facing cathode, said metallic structure 
comprising a series of parallel horizontal anode members, 
each having an electrochemically active surface on which 
during electrolysis oxygen is anodically evolved, the 
electrochemically active surfaces being in a generally 
coplanar arrangement to form said active anode surface, the 
anode members being spaced apart to form longitudinal flow- 
through openings for the circulation of electrolyte driven 
by the fast escape of anodically evolved oxygen. 

35. The anode of claim 34, wherein the anode members are 
spaced apart blades, bars, rods or wires. 
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36. The anode claim 35 T*r>»o>-^^v^ 

generally rectilinear -nembers are 
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